Two strains of Arcobacter butzleri, ATCC 49616 and an environmental isolate, became nonculturable in seawater microcosms at 4°C by 20 days and at room temperature by 14 days. Nonculturable cells were viable for up to 270 days of incubation in microcosms. Resuscitation of A. butzleri cells from microcosms at both temperatures was achieved 9 days after nutrient addition.
The genus Arcobacter is composed of pathogenic species (A. butzleri, A. cryaerophilus, A. skirrowii, and A. cibarius), nonpathogenic species (A. nitrofigilis and A. halophilus), and a number of species not yet established (such as "Candidatus Arcobacter sulfidicus") (4, 6, 10, 20) . The nonpathogenic species have been isolated from a variety of habitats, but no association with humans or animals has been reported yet. The other species, A. butzleri, A. cryaerophilus, A. skirrowii, and A. cibarius, are found as inhabitants of several animals, which can serve as natural reservoirs, and are also isolated from various environmental sources, including wastewater, surface water, seawater, and groundwater (5, 6, 9, 11, 16, 18) . Arcobacter infections in humans were also described previously (14) . A. butzleri and A. cryaerophilus have been isolated mainly from stool specimens from patients with diarrhea (8, 17, 21) . The significance and prevalence of Arcobacter in human infections have probably been underestimated because of inappropriate detection and cultural methods for stool specimens (17) .
Environmental studies have revealed differences in the arcobacter detection capabilities of PCR and culture methods with samples taken from marine environments (5). The viable but nonculturable (VBNC) state is a strategy developed by many gram-negative bacteria to survive under adverse environmental conditions (12) . According to many studies, pathogenic bacteria in the VBNC state retain their virulence (1, 2, 7, 15) . Knowledge of the survival strategies of arcobacters in the environment is very important for both control of water quality and understanding transmission of disease. So far, no reports have been published on the VBNC state of Arcobacter spp. in seawater.
The aim of the present study was to investigate the VBNC state of A. butzleri experimentally induced under starvation conditions, using a seawater microcosm at room temperature and at 4°C. Plate counts were compared with total direct counts (Live/Dead) to determine whether nonculturable cells of A. butzleri retain viability. Also, resuscitation experiments were conducted to establish the growth-limiting natural conditions of this species. Furthermore, a fluorescent in situ hybridization (FISH) approach for evaluating the viability of VBNC Arcobacter cells in seawater microcosms was also investigated and discussed.
The A. butzleri strains used in this study were ATCC 49616 and Ap-6, a strain isolated from coastal waters of the Strait of Messina (Italy).
Flasks containing autoclaved and filter-sterilized seawater were inoculated with each A. butzleri cell suspension to obtain a final concentration of 10 7 CFU ml Ϫ1 . All the experiments were performed in duplicate: four flasks were incubated at 4°C and the other four at room temperature in the dark without shaking. To induce the VBNC state, flasks containing the cell suspensions were maintained at room temperature and 4°C until the bacterial cells in the microcosms did not yield growth when transferred to solid medium. Samples from every flask were taken every 3 days to determine culturability.
Time zero and subsequent samples were taken for plate count. Aliquots of 100 l from a 10-fold serial dilution were placed onto plates of agarized Arcobacter medium (AM) (Oxoid) incubated under aerobic and microaerobic conditions at 30°C for 48 h. The platings were performed in triplicate, and the counts were expressed as mean values.
The nonculturability of cells was confirmed by concentrating a 10-ml microcosm sample on a 0.2-m-pore-size filter placed on AM plates and incubated at 30°C for 48 h. Bacteria were considered to be VBNC forms when there were less than 0.1 CFU ml Ϫ1 . The viability of cells was determined using a Live/Dead BacLight bacterial viability kit (Molecular Probes) according to the manufacturer's instructions. Viability was evaluated every 3 days until entry into the VBNC state and then every 3 months for a period of 270 days.
Two independent resuscitation experiments were started 48 h after the culturable cell numbers were fixed at a level below 0.1 CFU ml Ϫ1 . For resuscitation of the VBNC cells with the temperature upshifted, 5 ml of the VBNC cells incubated at 4°C was removed from the microcosm and transferred at room temperature for 24 h. The culturability of these cells was determined by plating them onto AM agar and onto tryptic soy agar (Oxoid) containing 5% sheep blood. Plates were incubated at 30°C for 96 h under both aerobic and microaerobic conditions.
To study the effect of nutrient addition on resuscitation, 5 ml from room temperature and 4°C microcosms containing VBNC cells was combined (1:1) with AM broth containing 5% laked horse blood (Oxoid). Cells were then incubated at room temperature for 24 h. One milliliter of each microcosm was also inoculated into thioglycolate broth (Becton Dickinson). All broths were incubated at 30°C in an aerobic atmosphere and monitored daily until the tubes became turbid and then subcultured. Both experiments were performed in triplicate. The resuscitation was also performed with 90-, 180-, and 270-day-old microcosms.
FISH analysis was carried out at day 0 and with 90-, 180-, and 270-day-old microcosms, according to the method of Pernthaler et al. (13) . The Arcobacter-specific probe (ARC94 [TG CGCCACTTAGCTGACA]) synthesized and labeled with the cyanine dye Cy3 from MGW Biotech (Mannheim, Germany) has been used previously (11) . Samples were then observed and photographed using a Zeiss LSM 5 DUO.
Our results showed that the numbers of culturable cells declined to Ͻ0.1 CFU ml Ϫ1 in all microcosms and that there was no difference in culturability between the two studied strains ( Fig. 1 and 2 ). They became nonculturable in seawater microcosms at room temperature by 14 days (Fig. 1A and 2A) and at 4°C by 20 days (Fig. 1B and 2B ). Contrary to results observed in 4°C microcosms, a sudden decrease in the culturability of cells was observed after 4 days in microcosms maintained at room temperature ( Fig. 1A and 2A) . To explain the retarded decline rates observed in microcosms maintained at 4°C, it is suggested that the low temperature may have slowed the metabolic activity. These results compare favorably to a study by Rice et al. (16) which reported that the A. butzleri population survived for up to 16 days in well water stored at 5°C.
The total live counts remained almost constant throughout the experiments, as demonstrated by the Live/Dead method. Despite the loss of culturability in all seawater microcosms, the A. butzleri cells showed intact, undamaged membranes for nearly 270 days, as indicated by the staining method.
The techniques used in this study to resuscitate VBNC A. butzleri were temperature upshift and nutrient addition. Resuscitation of a VBNC population of A. butzleri from microcosms was achieved only with nutrient addition. The VBNC cells from microcosms at both temperatures were recovered approximately 9 days after nutrient addition. Our experiments indicated that there was an advantage to using a microaerobic atmosphere for the recovery of seawater-stressed A. butzleri. Thioglycolate broth gave better recoveries than AM broth. Tryptic soy agar containing 5% sheep blood was the next-best medium for the recovery of VBNC A. butzleri. Confirmation of the identities of resuscitative, culturable arcobacters was done by using biochemical and molecular assays. Some resuscitated cells showed reduced cellular size and a change from spiral to coccoid morphology. Resuscitation was also obtained from the 90-, 180-, and 270-day-old microcosms. The induction of VBNC cells of A. butzleri appears to be linked more strongly with starvation than with temperature.
The presence of live cells in the absence of culturability was also confirmed by using FISH analysis. The FISH procedure showed homogeneous and high fluorescent hybridization signals from both nonstressed cells (at inoculation time) (Fig. 3A) and VBNC cells after 270 days (Fig. 3B) . This indicated that ribosome degradation did not result in nonculturable cells of A. butzleri. The integrity of ribosomes and nucleic acids, however, may be maintained in a small number of VBNC cells during long-term starvation, and thus, these cells may be viable despite having no culturability (19) . The recovery of A. butzleri cells may be the result of resuscitation from the VBNC state or regrowth of the few culturable cells in the microcosms. Our 
